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From the Department of Paediatric Chemical Pathology, Children's Hospital, Western Bank, Sheffield S10 2TH, UK Additional key phrases: cystic fibrosis; scarring; consent; compensation Accounts of patients being burned during iontophoresis for sweat collection in the diagnosis of cystic fibrosis (CF) date back to its introduction: 1 have been described as commonly encountered.? and are still being reported." Two recent incidents occurred as follows.
CASE HISTORY 1
After iontophoresis, it was noticed that a child had a circular 'punched out' mark of about 2 mm diameter penetrating the skin to full thickness. A stitch was inserted to close up the wound and minimal scarring was visible at follow-up. The likely cause of the mark was explained to the parents who consulted a solicitor. The hospital received two letters enquiring about the accident, but there was no subsequent action and no compensation was requested. The child had eczema but not where the electrodes were placed (instructions state that iontophoresis must not be performed at the site of any skin lesion). Investigation showed that the most likely cause of this bum was contact between the metal electrode and the skin, probably due to it slipping from the calico sleeve when the child struggled. The remedy was to replace the electrodes with button type enclosed in sleeves with a 'button hole' opening away from the skin and to loop the wire from the electrodes under a crepe bandage to give some slack.
CASE HISTORY 2
A 7-week-old child cried during iontophoresis but this was not considered excessive. When the electrodes were removed it was noticed that the baby had about four semicircular marks with the Correspondence: J M Rattenbury, Biochemistry Department, Withybush General Hospital, Haverfordwest SA6l 2PZ, UK. 456 appearance of bums. It was realized almost immediately that the electrodes had been applied to the child without pilocarpine gels attached (see below). When a repeat sweat test was performed some months later, de-pigmented scars at the site of the bum were seen. A solicitor acting on behalf of the parents of the child wrote to the hospital and an out of court financial settlement was made by the Health Authority.
DISCUSSION
In the UK, there are two main methods of sweat stimulation using either the Electro-Medical Supplies (EMS, Wantage, Berkshire) battery unit or the Wescor Macroduct System (Chemlab Scientific Products, Homchurch, Essex). Hybrid systems are used (for example, Wescor gels with an EMS battery unit) and local variations of systems exist. A major difference between the two 'systems is that later models of the Wescor battery pack have an automatic circuit resistance and over-current cut-out whereas the EMS pack does not. Pilocarpine delivery at the electrode also distinguishes the systems being an aqueous solution on a lint pad for the Gibson-Cooke method and ready-made gels supplied by Wescor.
Attempts at standardization include an American standard" which contains advice on the avoidance of burns and a recently developed Welsh Standard (publication in press).
EMS battery packs were used in both the incidents described above but, in the first, the electrodes were of the rectangular malleable metal type with lint pads soaked with pilocarpine solution. In the second case, Wescor pilocarpine gel pads were used with locally modified button electrodes. In both cases the tests were performed by Medical Laboratory Assistants with many years experience of frequent sweat testing. After the first incident, a questionnaire was sent round to 10, mostly paediatric, clinical chemistry departments to enquire about their experiences of lesions arising from sweat tests. The questionnaire was intended as a pilot exercise with limited circulation rather than as a comprehensive survey which would need to involve most UK district general hospitals where sweat tests are performed. Six laboratories replied, all of which reported seeing visible marks on one or more occasion during periods of 6 to 30 years of sweat testing. Some of the incidents happened to adult volunteers during investigations into iontophoresis. The reported marks fell into district groups.
(I) Reddening of the skin seen quite frequently after iontophoresis, is temporary and the severity probably reflects individual sensitivity to the pilocarpine solution. When not excessive, it provides a useful indicator of the site of iontophoresis to the operator.
(2) Blisters with or without scarring, probably due to acid generated electrolytically during iontophoresis.! This accords with the experience of one respondent to the questionnaire who found blistering to be associated with a pilocarpine solution of pH 3. This type of lesion may occur if the lint and calico pads covering the electrodes are damaged, incompletely cleaned between tests or inadequately soaked with electrolyte. Buckled or cracked electrodes can permit points of high current density with local production of nitric acid. Blistering reduces skin resistance thereby increasing current across its surface and exacerbating the blister.'
(3) Frank electrical burns produced by high current density over a small skin area, usually as a result of metal contact with the skin. This is the lesion most likely to lead to permanent scarring and possible legal redress by a patient or their parents.
All of the respondents to the questionnaire were using the EMS battery unit with sheet metal electrodes over the period that burns occurred but two later changed to button-type electrodes. The EMS power unit continues to be used in a number of UK hospitals in spite of its obsolescence probably for reasons of familiarity and low cost. Nevertheless, operators need to recognize that even though they may have had many years of trouble-free use with this unit, the absence of automatic cut-outs mean that its safety is operator dependent.
It was recommended in 1976 that iontophoresis power units should incorporate an automatic current limiter." Later models of the Wescor power unit contain control circuits
The sweat test 457 which shut down iontophoresis if circuit resistance is greater than 18 kO or if current exceeds 1·75 mAo Despite these safety features, Wescor report an estimated incidence of burns with their equipment of one for every 15 000 to 20 000 iontophoresis procedures." They suggest that for burns to occur there must be contact with the metal electrode although damaged or distorted gel discs remain a possibility. Thus the Wescor power unit, although incorporating recommended safety features, is not completely failsafe. The problem is that if contact is made with the skin over a small area (for example, with a part of the electrode), current, voltage or resistance parameters may not be exceeded but current density will be sufficient to cause a burn. Nevertheless, the potential for burns to occur must be considerably less with the automatic features of the Wescor power unit than with the EMS equipment. Current guidelines'' state that:
written consent should be obtained for any procedure or treatment carrying any substantial risk or substantial side effect.
Departments which perform sweat tests and paediatricians may wish to consider whether such consent should be obtained and whether parents should be informed that the procedure carries a small risk of minor burns. Measures to avoid burns during pilocarpine iontophoresis should be reviewed regularly by departments performing sweat tests. 'Chemical burns' should now be very infrequent since their cause has been described' and electrodes modified. The third type of burn is invariably due to mishap and measures should be taken to reduce risk. These include adequate staff training, use of power units with automatic cut-out facilities, electrode design, a satisfactory, moist interface between electrode and skin and adherence to standardized and bench-marked operating procedures.
